Abstract -Canopy fuel characteristics that influence the initiation and spread of crown fires were measured in representative Aleppo pine (Pinus halepensis Mill.) stands in Greece. Vertical distribution profiles of canopy fuel load, canopy base height and canopy bulk density are presented. Aleppo pine canopy fuels are characterized by low canopy base height (3.0−6.5 m), while available canopy fuel load (0.96−1.80 kg/m 2 ) and canopy bulk density (0.09−0.22 kg/m
INTRODUCTION
Wildland fires are the most destructive disturbance of the natural lands in the Mediterranean Basin. Mediterranean landscapes have always been subjected to fire and, thus, burning became part of their dynamic natural equilibrium [57] . Recent changes in land-use patterns in the Mediterranean Basin have caused the reduction or abandonment of traditional activities, such as extensive grazing or wood harvesting. This resulted in the increase of the amount of fuel available for burning [61] . Aleppo pine (Pinus halepensis Mill.) forests cover approximately 2 500 000 ha in the Mediterranean Basin, mostly at low elevations (less than 500 m) and along the coastline. These forests are particularly prone to fires and represent approximately 1/3 of the total annual burned area in the Mediterranean Basin [64] . The dense broadleaved-evergreen shrub understory * Corresponding author: ioanmits@for.auth.gr (known as "maquis") below the live crown fuel layer creates ladder fuels that facilitate fire transition from the forest ground to the canopy layer [77] . The Aleppo pine forests of Greece (which cover 8.72% of the total forested area) grow under more arid conditions than those of the West Mediterranean, thus resulting in increased fire frequency and intensity [14] . During a 17 year period (1980−1996) , 11.15% of total fires in Greece occurred in Aleppo pine forests, burning 83 410 ha (approximately 16% of the total burned area). On the average, 2.85% of the total Aleppo pine forested area is burnt in Greece every year [26] .
Crown fires are very complex phenomena. They usually occur under extreme fire weather conditions, resulting in erratic and dangerous fire behavior. After crowning, fires have been observed to increase their rate of spread, intensity and spotting activity [8] . Crown fires are virtually impossible to control by direct action [5] . They are also responsible for the largest proportion of the overall area burned in large fires in coniferous forests, worldwide [2, 36] . The importance of crown fire behavior prediction in assessing fire potential has made it a prerequisite for evaluating the effectiveness of fuel management treatments during fire prevention planning [33, 44, 70, 72] .
Fire behavior models implemented in fire management decision support systems require accurate descriptions of fuel complex characteristics. Until recently, fuel complex characterization has been limited to surface fuel beds [10, 27] , due to the restricted applicability of fire behavior simulation models only to surface fuels [11, 16] . The development of fire behavior models and systems designed to predict crown fire behavior [24, 25, 31, 32, 70, 79, 80] made necessary the measurement of canopy fuel data. Recently, the risk of wildland fire as a forest stand management optimization problem was analyzed [34, 35] .
The objective of this study was to measure the critical canopy fuel characteristics (canopy fuel load, canopy bulk density, canopy base height) of Aleppo pine forests in Greece and, subsequently, assess their potential crown fire behavior by simulation with the most recent crown fire simulation models.
BACKGROUND

Canopy fuels
When describing aerial fuels, the terms "crown" and "canopy" are often used interchangeably without formal distinction. In recent studies, the term "crown" is applied to describe aerial fuels at the tree level and "canopy" at the stand level [23] . Computer systems and models that simulate crown fire behavior need a quantitative description of the canopy fuels; available canopy fuel load (CFL), canopy bulk density (CBD) and canopy base height (CBH) [31, 32, 70] .
CFL
As available CFL is considered only the part of the total aerial fuels that is consumed by a crown fire. Since conifer needles are the main aerial fuels consumed during a crown fire [79] , crown fuel properties are based on the quantification of live needle foliage. Nevertheless, current research efforts state that in certain fuel complexes, other fuel categories, such as the fine twigs, may significantly contribute to the heat released from the flaming zone of a crown fire [19, 70, 76] . Although numerous studies correlate crown or foliage biomass with tree dendrometric characteristics [13, 37, 46, 51, 53, 55, 56] , only few studies measure crown fuel load by diameter size class at tree level [15, 39, 40, 73] and at stand level [9, 23] , as it is required in crown fire behavior modeling.
CBD
CBD, measured in kg/m 3 , is the dry weight of the available canopy fuel load per unit of canopy volume [70] . CBD is a target value for assessing the spread of active crowning in conifer stands [44, 70] . Agee [1] analyzed post fire data from several stands and identified a CBD threshold of 0.10 kg/m 3 , below which active crown fire spread is greatly limited. This threshold value is also supported by Alexander [7] and Cruz et al. [25] , in detailed wildfire case-studies analysis. Johnson [42] considers a CBD of 0.05 kg/m 3 as a critical threshold value for active crown fire development. CBD is difficult to measure because it requires detailed knowledge of the vertical distribution of crown fuel biomass. For uniform stands, CBD can be computed as the available canopy fuel load divided by canopy depth [1, 6, 23, 33, 42] . This method carries the implicit assumption that canopy biomass is distributed uniformly within the stand canopy, which is unlikely to be true even in stands with very simple structure; multi-storied stands are probably even more poorly represented by this procedure [70] . To overcome this assumption, Scott and Reinhardt [70] , approached the estimation of CBD by dividing the stand in layers of 0.3 m depth and, subsequently, by defining as "effective" CBD the maximum value of the CBD computed from the 4.5 m running mean of the fuel layers starting from the base to the top of the canopy. Alexander et al. [9] distributed the canopy fuel weight vertically for each crown fuel component using the fraction of the total canopy fuel weight by crown segment as a function of the total crown height. Keane et al. [43] estimated CBD using six groundbased methods with several optical instruments, estimating Leaf Area Index (LAI). LAI was converted to an estimate of crown fuel biomass using specific leaf area factors. Several authors have estimated CBD using remote sensing methods and lidar data [65, 66] .
CBH
CBH is not well defined or easy to estimate at a stand level. One of the main problems is the lack of a universally accepted definition for the lower limit of the canopy fuel layer [23] . Several authors [23, 45, 52, 79] consider as CBH the distance from the forest floor to the live crown base. Wilson and Baker [83] used the midpoint between the minimum CBH from the ground and the average live crown height for calculating crown fire initiation risk in multi-layered stands. Sando and Wick [69] defined the CBH as the canopy's lowest vertical section with CBD greater than 0.037 kg/m 3 . Williams [82] considered this threshold as too low and suggested a value of 0.067 kg/m 3 . Scott and Reinhardt [70] , defined CBH as the lowest height above the ground at which there is sufficient canopy fuel to propagate fire vertically through the canopy. Sufficient canopy fuel was arbitrarily defined by these authors as 0.011 kg/m 3 . Ottmar et al. [59] defined CBH as the height from the ground to the lowest continuous branches of the tree canopy and identified ladder fuels as the height of the lowest live or dead branch material that could carry fire into the crown. Cruz et al. [24] used the term FSG (Fuel Strata Gap) to define the distance from the top of the surface fuelbed to the lower limit of the canopy fuel layer constituted by live needles and ladder fuels that can sustain vertical fire propagation. Cruz [21] defined the critical canopy bulk density value for vertical fire propagation into the canopy layer as 0.05 kg/m 3 , based in the analysis of a large experimental fire dataset, where evidence of crown fire activity was observed in stands with canopy bulk densities greater than 0.04 kg/m 3 .
Crown fire behavior modeling
Crown fire modeling depends on two basic procedures: the analysis of surface to crown fire transition and the study of crown fire rate of spread [21] . An extensive review of the existing crown fire models can be found in Pastor et al. [60] .
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Crown fire initiation
Modeling the initiation of crown fires has mainly followed a semiempirical approach. This has lead to models suitable for implementation in operational fire modeling systems [7, 79, 84] . Van Wagner [79] stated that crown foliage ignites when heat from a surface fire dries it and raises it to ignition temperature. The model determines the critical surface fireline intensity needed to induce crown combustion as a function of the crown base height, foliar moisture content and a coefficient C. This coefficient was derived from field observations during a single fire and is regarded as "an empirical constant of complex dimensions" [79] . Van Wagner's model has been used as the basis for crown fire initiation in computer programs used for wildfire prediction such as the BEHAVE [16] , FARSITE fire area simulator model [31] and NEXUS crown fire hazard assessment system [70] . Xanthopoulos [84] , through laboratory experiments, measured the critical temperature for foliage ignition in the convection plume of a surface fire. He developed equations to predict time-temperature profiles at different heights in the convection plume and time-to-ignition equations for the foliage of Pinus ponderosa, Pinus contorta and Pseudotsuga menziesii. Alexander [7] developed an algorithm to predict the onset of crowning through the estimation of the convection plume angle and the calculation of the temperature increase above the ambient temperature at the base of the crown of Pinus radiata plantations in Australia. Cruz et al. [24] modeled the likelihood of crown fire initiation based on a large experimental fire data set. An empirical logistic model was developed to predict the onset of crowning as a function of wind speed, fuel strata gap, moisture content of fine dead fuels and surface fuel consumption. The model was evaluated against data from two experimental burn projects (eighteen experimental fires in total) with encouraging results. Theoretical modeling efforts [38, 48, 63] for crown fire development are restrained by limitations in the understanding of the physical and chemical processes that take place during combustion [60] .
Crown fire spread
Van Wagner [79] analyzed the conditions for crown fire spread on the basis of the net horizontal heat flux, the canopy bulk density and the heat of ignition. According to Van Wagner [79] theory, a crown fire will spread horizontally only if the horizontal heat flux supplied to the crown fuel ahead of the fire and the mass flow rate of the fuel into the crown space, exceed a minimum rate. He further recognized three types of crown fires: passive, active, and independent, according to whether the crown fire is dependent upon heat supplied from the surface fire, or is spreading simultaneously with the surface fire, or is spreading independently from the surface fire. Independent crown fire propagation very rarely occurs in nature [81] . The critical minimum rate of spread for active crowning is associated with the minimum mass flow rate of the fuel for the development of a continuous flame front both in the surface and in the canopy layer, as expressed by the ratio of the critical mass flow rate and CBD. Van Wagner [79] has empirically determined from experimental fires carried out in a Pinus banksiana plantation, the critical mass flow rate to approximately 3 kg/m 2 /min. Rothermel [68] obtained a statistical correlation for crown fire rate of spread by observing and analyzing eight large wildfires in the Northern Rocky Mountains. Using his surface fire prediction model [67] , he estimated that crown fire rate of spread was 3.34 times faster than that predicted from his surface fire model using fuel model 10 (timber, litter and understory) [10] . Van Wagner [80, 81] developed a semi-empirical procedure for obtaining the rate of spread of active and passive crown fires in Canadian conifer plantations. He chose this kind of vegetation because of its clear stratification and its low fuel arrangement variability compared with naturally regenerated areas. Although Rothermel's [68] and Van Wagner's [80, 81] models have empirical character and present various assumptions and limitations, nevertheless they have been incorporated in most wildland fire predictions systems such as the Canadian Forest Fire Prediction System [32] , FARSITE [31] , NEXUS [70] and BehavePlus version 3 [12] . Cruz et al. [22, 25] modeled crown fire rate of spread through non-linear regression analysis based on an experimental dataset which covered a broad spectrum of fuel complexes and fire behavior characteristics. The active crown rate of spread model was created as a function of wind speed, fine fuel moisture content and CBD.
Several theoretical models to predict crown fire spread are found in the literature [3] [4] [5] 17] . These models are based on Albinis' fire spread model [3] which simplistically assumes that radiation is the only heat transfer mode during wildland fires. Another disadvantage of these models is that the complexity of physical modeling and the heat transfer numerical analysis leads to large computation times, thus limiting their operational implementation. Recently, Dupuy and Morvan [30] provided a multiphase physical model of fire behavior and run two-dimensional numerical simulations of crown fire propagation in pine stands. Also, Linn et al. [49, 50] presented FIRETEC, a three dimensional coupled atmospheric/wildfire behavior model based on transport equations. These two models are presently often used to simulate wildfire behavior.
The International Crown Fire Modelling Experiment
The primary objective of the International Crown Fire Modelling Experiment (ICFME) was the testing and calibration of a newly developed, physically based model for predicting the rate of spread and the flame front intensity of crown fires in conifer forests [17] . Furthermore, all the existed fully operational models were evaluated against high intensity experimental crown fires [76] . The experimental dataset was comprised of eleven experimental crown fires in a mature Pinus banksiana stand with a substantial Picea mariana understory. The Rothermel [68] and Van Wagner [81] models were found to seriously under-predict the spread rate of the experimental fires. The new physical model overestimated the crown fire rate of spread and required large computation time. On the contrary, the Cruz et al. [22, 25] model adequately predicted the crown fire rate of spread in most cases [76] . The ICFME is the only extensive evaluation of crown fire models published so far.
Methods
Study area
The study area is located at the central part of the Kassandra peninsula of Chalkidiki in Northern Greece (23 • 
Fuel and stand measurements
Destructive sampling of 40 trees was conducted over the sampling site during the summer. The sampled trees were selected from various uneven and even aged stands, to represent the full range of tree sizes in the forest. Trees extremely lopsided in the crown, heavily defoliated and broken topped were excluded [15] .
For each sampled tree, diameter at breast height (DBH) was measured to the nearest mm. After felling, the tree's age was measured and measurements of total height, height from ground to live crown and crown length were taken to the nearest decimeter. The stem of each sampled tree was cut into one meter sections starting from crown apex and the available crown fuel load (needles and branches < 0.63 mm) was weighed the day the tree was cut to minimize water loss. It should be recognized that after felling, the relative position of some of the branches to the tree stem (i.e., angle of insertion) may have changed, when the trees hit the ground. This may have resulted in a slight change in the canopy fuel profile, as it was initially in the standing position of the trees. Table I presents descriptive statistics of the sampled trees used in the analysis. After weighing the available crown fuel components in the field, samples were taken in the laboratory for moisture content determination. Fuel moisture content was determined by oven-drying at 105
• C for 48 h. In order to study the structure characteristics of different Aleppo pine stands, 10 sample plots of 500 m 2 each were randomly taken in representative forest stands. In every plot, the DBH of every tree was measured. Total height and height to live crown base were measured with a Haga altimeter. Canopy closure in each plot was estimated using a spherical densiometer [47] . The data were analyzed statistically to define stand inventory data.
Canopy fuel profiles
A similar approach to Alexander et al. [9] was followed in order to construct the vertical distribution profile of the available crown fuel load; starting from the crown apex of every sampled tree, the cumulative ratio (RW) of the dry weight of each one meter section to the total weight of every crown fuel component (needles and branches < 0.63 cm) was calculated. The ratio of the relative height (RH) of each one meter section to the total height of the tree was also obtained. These two variables, with values between 0 and 1, were fitted to the following three parameter logistic model [9] :
The vertical fuel profiles were constructed by sectioning all the trees of each plot in 1-m horizontal layers from the ground to the apex of the tallest tree. The variable RW of each available crown fuel component was calculated for each 1-m height section in every sampled plot. This cumulative value was transformed into the fraction of the total dry weight per section and multiplied by the total dry weight of the corresponding available crown fuel component to obtain sectional dry weight. The total available crown fuel weight for each tree in every plot was estimated using species -specific crown fuel allometric equations for Aleppo pine in Greece [54] . The results, summed over the stem density and converted into kg/m 2 , resulted in the vertical distribution of the available canopy fuel load per plot. Effective canopy bulk density was estimated according to Scott and Reinhardt [70] , as described previously. Canopy base height was defined as the lowest height above ground with CBD of at least 0.04 kg/m 3 [21] .
Modeling crown fire behavior
Potential crown fire behavior was simulated using Cruz et al. [24, 25] crown fire initiation and spread models, with input data the canopy and surface fuel load values of each plot. The type of fire (active crown fire or passive crown fire) was assessed by Van Wagner's [79] criterion for active crown fire spread. Available surface fuel loads are required to run the crown fire initiation model [24] . For this, surface fuel models, typical of the understory vegetation of Aleppo pine forests (pine litter, evergreen-sclerophyllous shrublands up to 1.5 m and evergreen-sclerophyllous shrublands 1.5−3.0 m height), were used as surface fuelbeds during the fire simulation [27] . Low burning conditions were set to fine fuel moisture of 14% and 10 km/h windspeed, moderate burning conditions to fine fuel moisture of 10% and 20 km/h windspeed, while extreme burning conditions were set to fine fuel moisture of 6% and 30 km/h windspeed. All the wind values refer to 10-m open windspeeds. Fireline intensity was estimated by Byram's equation [18] . Crown fire intensity was calculated by adding the available canopy fuel load to the available surface fuel load. As available surface fuel load was considered the litter, the live foliage and the live and dead branches with diameter less than 2.5 cm. Table II presents the coefficients of the three-parameter model used in the statistical analysis of the sampled trees in order to develop the vertical canopy fuel distribution for Aleppo pine trees. The model equations explained respectively 93% and 90% of the variation in the vertical distribution in needles and fine branches (0.0−0.63 cm in diameter), and were highly statistically significant (p < 0.0001). Coefficient of variation was 17.8% for needles and 22.8% for the branches with diameter < 0.63 cm.
RESULTS
The CFL distributions of the overstory tree canopies of Aleppo pine sampled plots are generally similar (Figs. 1, 2) . Effective CBD (4-m maximum running mean) was located at the mid-canopy level in all plots (Figs. 3, 4) . The principal difference among the plots was the variation in CBH; stands with uneven aged structure had lower values of CBH, due to the presence of small trees in the middlestory. Stand inventory data and canopy fuel characteristics for all sampled plots are shown in Table III Spearman's non-parametric correlation coefficient was applied to investigate the relationship between canopy fuel characteristics and stand structure parameters (Tab. IV). A strong positive correlation was found between CFL and stand basal area, and a weak positive correlation between CBD and stand basal area. The data for CBH and stand structure measurements failed to show any significant correlation. The correlation matrix illustrated significant correlations among the canopy fuel characteristics. CBD was highly correlated with CBH and CFL (p < 0.05). This is expected since CBD is derived from the CFL. Basal area was highly correlated with CFL (p < 0.01) and CBD (p < 0.05). This stems from the fact that higher values of stand basal area are associated with more and/or bigger trees per unit area and, therefore, higher CFL.
Tables V and VI present fire type probability and a range of active crown fire behavior potential that should be expected in uneven aged and even aged stands for each surface fuel model, according to the crown fire behavior models simulation. Even aged Aleppo pine stands with evergreen-sclerophyllous shrublands 1.5−3.0 m as understory presented the most severe crown fire potential, due to the heavier available surface fuel load and the higher CBD values, despite the relatively higher CBH. The least severe crown burning conditions were observed in the uneven aged Aleppo pine stands with litter as understory, due to the reduced available surface fuel loads and the lower CBD values. Crown fireline intensity and flame length reached up to 100 000 kW/m and 53 m, respectively. Simulations with wind speeds greater than 20 km/h always lead to crown fire initiation regardless of the canopy and surface fuel characteristics. All simulations under extreme burning conditions resulted in crown fire initiation, as it is often reported in field observations [7] . Under moderate burning conditions both crown and surface fires were observed, depending mainly on the fuel characteristics (CBH, surface fuel bed height, CBD) of the stand. Under low burning conditions, in most cases fire spread was limited to surface fuels. Active crown fire rate of spread in Aleppo pine forests ranged from 20.3 to 62.4 m/min. No differences in the range of active crown fire spread values were found between uneven and even aged stands. This can be attributed to the fact that the crown fire spread simulation model is far more sensitive to variations in the values of the meteorological parameters (windspeed, fine fuel moisture content) than to CBD variations [25] which, in our case, were not large among the two stand types.
DISCUSSION
Canopy fuel characteristics of Aleppo pine or other coastal conifer species in Mediterranean Basin were unavailable for comparison with the results reported in this study. Therefore, North American pine species with similar canopy fuel characteristics were used for comparisons.
Cruz et al. [23] report CFL distribution for various fuel types. The mixed conifer fuel type had the highest mean value (1.4 kg/m 2 ), followed by Pinus contorta (1.0 kg/m 2 ), Pseudotsuga menziesii (1.0 kg/m 2 ) and Pinus ponderosa (0.61 kg/m 2 ). Alexander et al. [9] mention that the canopy fuel load of the International Crown Fire Modelling Experiment plots ranged from 0.6 to 1.5 kg/m 2 . Scott and Reinhardt [70] give CFL values for Pinus contorta and Pinus ponderosa, 1.22 and 2.25 kg/m 2 , respectively. The above mentioned results must be interpreted with care due to the fact that the crown fuel allometric equations that were used to estimate CFL were not developed from the same stands of the study sites. Furthermore, for some species with no published allometric equations, surrogate species were used based on similarities in tree crown structure. In the present study, the estimation of CFL was based upon specific allometric crown fuel equations developed for Aleppo pine in Greece [54] .
Alexander et al. [9] give 0.16 kg/m 3 as a mean CBD value for the plots of the International Crown Fire Modelling Experiment. Cruz et al. [23] 3 ), due to the fact that the sampled site was in a very dense portion of a stand and the available allometric equations probably overestimated the canopy biomass. Stocks [73, 74] found low CBD values (0.06−0.13 kg/m 3 ) in Pinus banksiansa stands. Similar low CBD values are reported for Pinus ponderosa multi-layer stands [62] . The low CBD values in these two studies could be explained by the fact that only the needle biomass was considered as the available canopy fuel load. In view of the above, CBD values in the present study are realistic. The maximum CBD value of the 4-m running mean of the 1-m canopy layers that was used in this study is within the limits of the CBD values needed to model crown fire behavior [43, 70, 79] . CBD was computed using only the available canopy biomass (needles and branches < 0.63 cm). This biomass aggregation best represents the fuels that are available for consumption in most crown fires [76] . The CBD distribution in the fuel profiles of Aleppo pine stands indicate values which would readily support the propagation of active crown fires [1, 6, 25, 41] .
The CBH of the International Crown Fire Modelling Experiment plots, based on the overstory canopy, varied from 3.2 to 8.2 m [9] . The mean CBH of the immature (4.0 m) and mature (12.0 m) Pinus banksiana overstory stands [74, 75] is considerably greater than that of the Aleppo pine fuel complex. Cruz et al. [23] report that CBH for the Pinus ponderosa was significantly lower (4.5 m) than other typical fuel types, perhaps reflecting the low density and open structure that characterizes this fuel complex. This may also be true for Aleppo pine stands. Low density, open structure, uneven aged stands exhibit low CBH values due to the presence of small trees in the middlestory. Additionally, the dense broadleavedevergreen shrub understory acts as a capable ladder fuel for initiating crown fires and decreasing the fuel strata gap in Aleppo pine forests.
The CFL and CBD of Aleppo pine stands were found positively correlated with the stand basal area. As the size and/or the stem density of the trees in a stand increases, the CFL and CBD also increase due to the higher fraction of available crown fuel load. Similar results are reported by Agee [1] and Cruz et al. [23] . These studies support that stem density is also strongly correlated with canopy fuel characteristics. In the present study, stem density was not significantly correlated with canopy fuel characteristics. This could be explained by the small variability in stem density which was exhibited in the sampled plots. It should be expected that in very dense Aleppo pine stands, CFL and CBD will increase with stem density. Additional canopy fuel sampling in Aleppo pine stands could further evaluate the correlation and allow the canopy fuel characteristics estimation with regression models.
In most cases, crown fire behavior simulations indicated that crown fire transition and spread is a common feature in Aleppo pine stands. The low fuel strata gap, the heavy available surface fuel load and the substantial height of the surface fuel bed that characterize Aleppo pine fuel complexes, increase dramatically the likelihood of crown fire initiation. Active crown fire rate of spread, fireline intensity and flame length in Aleppo pine stands were found similar to values reported in typical active crown fires in the International Crown Fire Modelling Experiment, where the rate of crown fire spread ranged from 15.8 to 69.8 m/min, the fire intensity from 20 000 to 100 000 kW/m and the flame front was 2−3 times the mean stand height [76] . Under extreme burning conditions, active crown fire rate of spread was even observed in Aleppo pine stands with CBD lower than Agee's threshold value (0.10 kg/m 3 ) [1] , as the simulation results indicated. Crown fire initiation and rate of spread models used in this simulation are empirical. Nevertheless, they have been tested in high intensity experimental crown fires with satisfactory results [76] . Furthermore, the variability in fuel complex characteristics used during model conception and the physical fuel (CBD, fuel strata gap, surface fuel consumption) and weather (wind speed, fine fuel moisture content) parameters, should make them applicable to other conifer fuel complexes as well [20] . Additionally, wind speed is the variable that has the most influence in crown fire behavior. Wind speed is the dominant factor that affects fire behavior in Mediterranean Basin [29] . Passive crown fire characteristics were not simulated due to the lack of a validated model that predicts passive crown fire behavior.
CONCLUSIONS
This study measured the canopy fuel characteristics of Aleppo pine and it is the first of this fuel type in the Mediterranean Basin. Aleppo pine canopy fuels are distinguished by low canopy base height which, in turn, results in high probability of crown fire initiation even under moderate burning conditions. Simulation produced mostly passive crown fires in uneven aged stands, while high intensity active crown fires resulted in even aged stands due to the higher canopy bulk density and available canopy fuel load.
The characterization of Aleppo pine fuel complexes in east Mediterranean Basin as documented in this study, can be useful in the planning of fuel treatment options to reduce canopy bulk density, to increase canopy base height, to remove ladder fuels, and ultimately, to modify fire behavior in Mediterranean conifer stands and landscapes.
Crown fire behavior prediction in Aleppo pine stands can be useful in fire management, fire prevention planning or in decision making during actual fire suppression. The current crown fire behavior simulations are just a supplement to the efforts for crown fire prevention and active suppression tactics and their accuracy must be validated with real observations from wildfires burning in the field.
